Abstract-High
concentration.
Ca A number of pharmacological studies have been reported on the drug receptors of the guinea-pig tracheal muscle while there have been few reports on the contractile mecha nism of tracheal muscle. In the present work, potassium (K)-induced contracture of the guinea-pig tracheal muscle was studied with respect to the effects of the external cal cium (('a) concentration, metabolic inhibitors and manganese ions (Mn). In previous work, various isolated preparations were used (1 6). In the present study, muscle from a surgically removed tracheal ring was used.
MATERIALS AND METHODS
Female guinea-pigs, weighing 350-500 g, was sacrificed by a blow on head and ex sanguinated. The trachea was excised and extraneous tissue removed. A tracheal ring of 4 mm in width obtained from the central area between the larynx and the carina was excised at the opposite side of muscle so that two pieces of cartilage remained attached to both ends of the muscle strip. The muscle was suspended in an organ bath (Fig. 1) containing normal solution of the following composition: NaCI 135, KCI 5.0, CaC12 2.5, MgC12 0.1, NaH2PO4 0.3, NaHCO3 2.4, glucose 12 mM, saturated with air, 37'C, pH 7.2. The contraction was recorded isometrically using a strain gauge transducer and ink writing oscillograph (Nihon Koden). The muscle was left in the bath for 2 hours before the start of each experiment and the solution was exchanged every 25-30 minutes. The tension was adjusted to 0.5 g. High K-solution was prepared by adding KC1 and de ducting equimolar NaCI to maintain the isotonicity. Low Ca-solution were prepared simply by reducing CaC12Application of a substance was made by changing the solu 
Effect of* calcium oil K-induced contr ictarc
After the tension reached a constant level in 65 mM K-solution, the solution was changed to low Ca, 65 mM K-solution.
When the Ca concentration in the solution was less than 1.25 mM, the tension gradually declined and reached an equilibrium level which was dependent on the Ca concentration (Fig. 3 ).
In the next series of experiments, the muscle was kept in Ca-free-solution for 60 min during which a slight decrease and small spontaneous changes in tension were observed as shown in In all solutions, the tensions at 60 min were maintained thereafter until the end of an additional 60 min observation.
In Ca-free-solution, the equilibrium tension remained unchanged for 4 hr. Effect off anoxia and glucose-free on K-induced contractrrre
The muscle was kept in normal solution bubbled with nitrogen (20 ml/min) or in glucose-free-solution for 60 min after which 65 mM K was applied under the same con dition.
In another series of experiments, anoxic or glucose-free condition was introduced during 65 mM K-induced contracture.
Anoxia and glucose-free-solution had little or no effect in any experiment and the contracture was observed to be almost the same as that in the presence of oxygen and glucose (Figs. 6h, c and 7) . Effect o.1'2, 4-dinitrophenol (DNP) and Na malonate (malonate) on K-induced contracture
The muscle was exposed to solution containing 0.1 mM DNP for 10 min or in glu cose-free-solution containing 3 mM malonate for 30 nmin and 65 mM K was then applied under the same condition, in which no tension development was observed (Figs. 6d and e) .
In another series of experiments, 3 mM malonate in the absence of glucose or 0.1 mM DNP was applied during 65 mM K-induced contracture, in which the tension de clined to a lower equilibrium level leaving a residual sustained tension (Fig. 7) .
Effect of AIn on K-induced contracture
One millimolar MnC12 was applied before or during 65 mM K-induced contracture with the same time schedule as with DNP described above.
Results were similar to those with DNP except for a slight tension development with 65 mM K after Mn pretreatment (Figs. 6f and 7) . The tension development was completely abolished when Mn was used in the concentration of 5 mM.
Effect of low tcnrpcrature on K-inducccl con traduce
The muscle was kept in normal solution at 20°C for 20 min. The solution was then changed to 65 mM K-solution at 20'C, in which the contracture was smaller than that at 37'C (Fig. 6g) .
In another series of experiments, after the tension induced by 65 mM K had reached a constant level, the temperature of the solution was changed from 37°C to 20°C, in which the tension declined and reached an equilibrium level (Fig. 7) .
DISCUSSION
High concentration of K induced a sustained contracture in guinea-pig tracheal mus cle (Fig. 6a ), of which tonic tension level was dependent on the enviromental Ca concen tration (Figs. 3, 4 and 5) , indicating the role of Ca in excitation-contraction coupling in high K-induced contracture.
It has often been pointed out that smooth muscle contracture consists of phasic and tonic contraction.
In guinea-pig taenia coli, high K-induced sustained tension is markedly reduced during exposure to low Ca (7), anoxia (9), glucose-free (8, 9) , DNP (7, 9) , ouabain (9) and Mn (10) leaving a transient phasic contraction immediately after application of high K, while Ca uptake enhanced with high K being associated with high K-induced tonic tension is inhibited by the metabolic inhibitions (7, 8) . Our observations support the interpretation (7) that high K-induced contracture consists of initial phasic and suc cessive tonic contraction, and that Ca in excitation-contraction coupling for phasic con traction originates in cellular storage and for tonic contraction in extracellular Ca taken up by cells by an energy-requiring process.
In the present study, the sustained tension developed with high K was inhibited by exposing the muscle to low Ca (Figs. 3 and 4) , DNP (Figs. 6d and7) , malonate (Figs. 6e and 7) and Mn (Figs. 6f and 7) suggesting that the uptake of the extracellular Ca by an energy-requiring process is essential for the high K-induced tonic tension, as is the case in guinea-pig taenia coli although anoxic and glucose-free condition failed to inhibit the tonic tension (Fig. 7) unlike taenia coll. It is pointed out that the contractions of differ ent smooth muscles can be classified in their dependence upon the cellular bound Ca and/ or the extracellular and loosely bound cellular Ca (11) . In this respect, guinea-pig tra cheal muscle is apparently dependent on extracellular Ca.
In the present study, no phasic contraction was observed when high K was applied during exposure of the muscle to low Ca (Fig. 4) , DNP (Fig. 6d) , malonate ( Fig. 6e) and Mn (Fig. 6f) . The lack of phasic component, however, does not rule out the possibility that high K-induced contracture consists of two different components. It should be noted that Ca-free-solution (Fig. 4) , DNP (Fig. 6d) and malonate ( Fig. 6e) completely inhibited the tension development with high K when introduced prior to the high K application, whereas the tension was only partially inhibited when introduced after the tension de veloped with high K (Fig. 7) . It is possible that the development and maintenance of high K-induced contracture are accounted for on the basis of qualitatively and/or quail titatively different mechanisms.
In each curve of Figs. 3 and 4 , a difference between the tension in equilibrium state and that in proceeding period was plotted on semi-log paper. Each plot had a roughly linear relation except for the extreme both ends of the plot. Half-times estimated were 3.9-17 min from Fig. 3 and 1 .0-1.8 min from Fig. 4 , and in both cases half-time was in versely parallel to the Ca concentration, suggesting that the tension decline accompanying the Ca loss and the tenxicn gain accompanying the Ca uptake are the result of different time-limiting processes.
